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(54) [Title of the Invention] 

Image display method and image display device employing spatial light modulation component 

(57) [Abstract] 

[Object] To provide an image display method and an image display device that employs a spatial light 
modulating component, has a wide dynamic range, has excellent grayscale display characteristics 
even with dark images, and will present bright, high resolution images. 

[Constitution] A peak level V p will be detected for each fixed interval of an image signal supplied 
from an external unit. Gain G s = Vp/V 0 will be calculated from the detected peak level V p . The 
reference peak level V 0 is defined as the reference peak level of the supplied image signal. After the 
gain G s is calculated, the image signal level will be modulated to V c = Vin/G s . The modulated image 
signal V c will be converted to a drive signal, and drive the spatial light modulation component. At the 
same time, the light output level L oul of a light generation unit will employ the gain G s , and L out = G s x 
L 0 . Lq is the reference light output level of the light generating unit. By repeating the process described 
above for each fixed interval, a bright image can be displayed having grayscale display characteristics 
and black display characteristics that are superior to those in the conventional art. 

[Claims] 

[Claim 1] An image display method comprising a light generation unit that can change the light output 
level, a spatial light modulation unit that will modulate the light output of the light generation unit, a 
drive unit that will drive the spatial light modulation unit in response to an image signal, and an image 
signal processing unit that will pre-process the image signal input to the drive unit, wherein the image 
signal processing unit will detect a peak level V p of the image signal during a predetermined interval, 
the light generation unit will increase the light output level, and the image signal processing unit will 
reduce the amplitude of the image signal and input it to the drive unit, when the peak level V p is larger 
than a pre-set reference peak level V 0 , and the light generation unit will reduce the light output level, 
and the image signal processing unit will increase the amplitude of the image signal and input it to the 
drive unit, when the peak level V p is smaller than the pre-set reference peak level V 0 . 
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[Claim 2] The image display method according to claim 1 , wherein when a reference light output level 
of the light generation unit is L 0 , the detected peak level V p and the reference peak level V 0 will be 
employed, a gain G s that is substantially G s = V p /V 0 will be determined, the image signal processing 
unit will output an image signal that is substantially V c = V in /G s to the drive unit, and the light 
generation unit will change a light output level L out to be substantially L out = L 0 x G s . 

[Claim 3] The image display method according to claim 1 , wherein when a reference light output level 
of the light generation unit is U, a gain G s that is discretely determined in response to the size of the 
detected peak level V p will be selected, the image signal processing unit will output an image signal 
that is substantially V c = V in /G s to the drive unit, and the light generation unit will change a light 
output level L ou tto be substantially L out = L 0 x G s . 

[Claim 4] The image display method according to claim 1, wherein the image signal will be held for a 
predetermined interval while the peak level V p is detected, and after the detection of the peak level V p , 
the light output level of the light generation unit will be controlled, amplitude modulation of the held 
image signal will be performed, and the spatial light modulation component will be driven in 
accordance with this image signal. 

[Claim 5] An image display device comprising light generation means that can change the light output 
level, spatial light modulation means that will modulate the light output of the light generation means, 
drive means that will drive the spatial light modulation means in response to an image signal, and 
image signal processing means that will pre-process the image signal input to the drive means, 
wherein the image signal processing means will detect a peak level V p of the image signal during a 
predetermined interval, the light generation means will increase the light output level, and the image 
signal processing means will reduce the amplitude of the image signal and input it to the drive means, 
when the peak level V p is larger than a pre-set reference peak level V 0 , and the light generation means 
will reduce the light output level, and the image signal processing means will increase the amplitude 
of the image signal and input it to the drive means, when the peak level V p is smaller than the pre-set 
reference peak level V 0 . 

[Claim 6] The image display method according to claim 5, wherein when a reference light output level 
of the light generation means is U, the image signal processing means will employ the detected peak 
level V p and the reference peak level V 0 , will determine a gain G s that is substantially G $ = Vp/V 0 , will 
output the gain G s to the light generation means, and output an image signal that is substantially V c = 
V in /G s to the drive means, and the light generation means will change a light output level L out to be 
substantially L out = L 0 x G s . 

[Claim 7] The image display method according to claim 5, wherein when a reference light output level 
of the light generation unit is L 0 , the image signal processing means will select a gain G s that is 
discretely determined in response to the size of the detected peak level V p , will output the gain G s to 
the light generation means, and will output an image signal that is substantially V c = V JG S to the drive 
unit, and the light generation unit will change a light output level L out to be substantially L out = U x G s . 

[Claim 8] The image display device according to claim 5, wherein the image signal processing means 
comprises image signal holding means, the input image signal is stored in the image signal holding 
means while detecting the peak levels, and after the detection of the peak levels, the light output level 
of the light generation means will be controlled, the image signal stored in the image signal holding 
means will be amplitude modified, and the spatial light modification component will be driven in 
accordance with that image signal. 

[Claim 9] The image display device according to claim 5, comprising an image enlargement means 
that will project and enlarge a display image of the spatial light modulation means on a screen. 

[Claim 10] An image display method comprising a light generation unit that can change the light 
output level, a spatial light modulation unit that will modulate the light output of the light generation 
unit, a drive unit that will drive the spatial light modulation unit in response to an image signal, and an 
image signal processing unit that will pre-process the image signal input to the drive unit, wherein the 
image signal processing unit will calculate a dark level interval S b for each one frame interval, and the 
light generating unit will reduce the light output level when the size of S b is larger than a pre-set 
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threshold value S 0 . 

[Claim 1 1] The image display method according to claim 10, wherein when a reference light output 
level of the light generation unit is L 0 , a gain G b will be pre-set to be smaller than one, and when the 
dark level interval S b is larger than the predetermined threshold value So, the image signal processing 
unit will output an image signal that is substantially V c = V in /G s to the drive unit, and the light 
generation unit will change a light output level L out to be substantially L out = L 0 x G s . 

[Claim 12] The image display method according to claim 10, wherein the dark level interval S b will be 
calculated while holding the image signal over a predetermined interval, and after the calculation of 
the dark level interval S b , the light output level of the light generating unit will be controlled, and the 
spatial light modulation element will be driven in accordance with the held image signal. 

[Claim 13] An image display device comprising light generation means that can change the light 
output level, spatial light modulation means that will modulate the light output of the light generation 
means, drive means that will drive the spatial light modulation means in response to an image signal, 
and an image signal processing means that will pre-process the image signal input to the drive means, 
wherein the image signal processing means will calculate a dark level interval S b for each one frame 
interval, and the light generating means will reduce the light output level when the size of S b is larger 
than a pre-set threshold value S 0 . 

[Claim 14] The image display method according to claim 13, wherein when a reference light output 
level of the light generation means is L 0 , a gain G b will be pre-set to be smaller than one, and when the 
dark level interval S b is larger than the predetermined threshold value S 0 , the image signal processing 
means will output the gain G s to the light generation means, will output an image signal that is 
substantially V c = V in /G $ to the drive means, and the light generation means will change a light output 
level L out to be substantially L out = L 0 x G s . 

[Claim 15] The image display device according to claim 13, wherein the image signal processing 
means comprises image signal holding means, the input image signal is stored in the image signal 
holding means while calculating the dark level interval S b , and after the calculation of the dark level 
interval S b , the light output level of the light generation means will be controlled, the image signal 
stored in the image signal holding means will be amplitude modified, and the spatial light . 
modification component will be driven in accordance with that image signal. 

[Claim 16] The image display device according to claim 13, comprising an image enlargement means 
that will project and enlarge a display image of the spatial light modulation means on a screen. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Field of Use] The present invention relates to a method and device that primarily employs 
a spatial light modulation component, such as a liquid crystal panel or the like, to display an image. 

[0002] 

[Prior Art] Conventional image display components can be broadly classified as of the self-luminous 
type and the light receiving type. The self-luminous type are represented by those that employ a CRT, 
and the light receiving type are represented by those that employ a spatial light modulation component 
such as a liquid crystal panel. 

[0003] Generally speaking, the self-luminous type can provide a display having a wide dynamic range. 
Taking a CRT as an example, when the black level is displayed, the output of the electron gun will 
approach zero without limit, and thus the quantity of light generated by the phosphor can be reduced to 
an extremely low level. In contrast, when the white level is displayed, a vivid peak luminosity can be 
obtained by increasing the output of the electron gun to a level in which the display area is small. 

[0004] In contrast to this, Figure 9 shows a direct view type display device that employs a liquid 
crystal panel as an example of a spatial light modulation component. This display device is primarily 
comprised of a light generating unit 101, a liquid crystal panel 102, and a drive circuit 103. A cold 
cathode ray tube or the like is employed in the light generating unit 1 0 1 , and illuminates the liquid 
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crystal panel 102 from the rear surface thereof. The drive circuit 103 forms an optical image on the 
liquid crystal panel 102 in response to image signals supplied from an external unit, and modulates 
illumination 104. 

[0005] Furthermore, a projection type display device that employs a spatial light modulation 
component is known as a method of displaying a large screen image. In particular, projection type 
display devices that employ a liquid crystal panel have been developed in recent years, and an 
example of the construction of this type of projection type display device is shown in Figure 10. This 
projection type display device is comprised of a light generating unit 1 1 0, a liquid crystal panel 1 1 1 , a 
drive circuit 1 12, a projection lens 1 13, and a screen 114. The light generating unit 1 10 employs a light 
source in which, for example, a metal halide lamp 1 15 is combined with a concave mirror 1 16. The 
illumination 1 17 output from the light generating unit will illuminate the liquid crystal panel 111, will 
be modulated by an optical image formed by the drive circuit 1 12, and a large screen image will be 
displayed on the screen 1 14 by the projection lens 1 13. 

[0006] 

[Problem To Be Solved By The Invention] There is a problem with image display devices that employ 
a spatial light modulation component, in that the dynamic range of images that can be displayed is 
comparatively small. 

[0007] The maximum white level obtained will be determined by the product of maximum efficiency 
of the spatial light modulation component and the brightness of the illumination. However, because 
the maximum efficiency of the spatial light modulation component will be determined from the 
characteristics of each component, a brighter light generation unit must be employed in order to 
increase brightness. In this situation, because the entire area of the display screen must be brightened, 
and the efficiency is low compared to when one portion of the area is made brighter, the light 
generation unit will increase in size, and a large amount of power will be consumed. 

[0008] Furthermore, in order to increase the luminosity of the white level, the black display level will 
brighten the more the brightness of the light generation unit is increased, and the quality of the image 
will significantly decline. 

[0009] In other words, the dynamic range that can be displayed will be restricted by the contrast of the 
spatial light modulation component. For example, even expensive active matrix twist nematic type 
liquid crystal panels will have a contrast ratio of 500:1, and in particular, cannot be said to have 
adequate characteristics for use in projection type display devices. 

[0010] At the same time, there is a problem in that the peak luminosity cannot be made particularly 
bright because of the balance between the quality of the black display and the size of the light 
generation unit. 

[001 1] On the other hand, there is a problem in that the uniformity of the black display will not be 
particularly high when, for example, a liquid crystal panel is employed in the display device. Display 
irregularities will be generated due to variations in the characteristics of each pixel that are caused by 
gap irregularities and the like in the liquid crystal panel. As a result, when an image is displayed in 
which the area occupied by the dark signals is large, the quality thereof will greatly decline. 

[0012] 

[Means of Solving the Problems] In order to solve the aforementioned problems, an image display 
method of the present invention comprises a light generation unit that can change the light output level, 
a spatial light modulation unit that will modulate the light output of the light generation unit, a drive 
unit that will drive the spatial light modulation unit in response to an image signal, and an image signal 
processing unit that will pre-process the image signal input to the drive unit, wherein the image signal 
processing unit will detect a peak level V p of the image signal during a predetermined interval, the 
light generation unit will increase the light output level, and the image signal processing unit will 
reduce the amplitude of the image signal and input it to the drive unit, when the peak level V p is larger 
than a pre-set reference peak level V 0 , and the light generation unit will reduce the light output level, 
and the image signal processing unit will increase the amplitude of the image signal and input it to the 
drive unit, when the peak level V p is smaller than the pre-set reference peak level V 0 . 
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[0013] In addition, the image signal processing unit will calculate the interval S b of a dark level for 
each 1 frame interval, and when the size of S b is larger than a preset threshold value S 0 , the light 
generation unit will reduce the light output level. 

[0014] 

[Operation] According to the method described above, because the peak level of an image signal to be 
displayed will be detected, and the brightness of the light that illuminates the spatial light modulation 
component will be compared to the peak level and changed, the spatial light modulating component 
can be driven with maximum efficiency with respect to the brightest display units in a display screen. 
As a result, an image display method can be provided that will allow the spatial light modulator 
component to be continuously driven and make maximum use of the dynamic range thereof, and 
improve the grayscale display characteristics. In sum, because the efficiency of the illumination that 
passes through the spatial light modulator component will be improved, a brighter display image can 
be achieved, and an extremely large effect can be obtained. 

[0015] In addition, when the dark level interval of an image signal to be displayed is calculated, and 
the area in which the dark image is to be displayed is large to some extent, display irregularities in the 
dark portions can be made less conspicuous by reducing the light output of the light generation unit. 

[0016] 

[Embodiments] A first embodiment of the image display method of the present invention will be 
described below with reference to Figure 1 . Note that as shown in Figures 9 and 1 0, the image display 
method of the present invention can be applied to direct view type and projection type display devices 
in which a spatial light modulator component is employed. 

[0017] The reference peak level of an image signal supplied to a display device is defined herein as 
reference peak level V 0 . For example, when various NTSC image signals are considered, image 
signals having a peak level that exceeds 100 IRE will frequently appear. In contrast, if the image is 
dark, the peak level will be less than 100 IRE. Thus, in this situation, a signal level of 100 IRE can be 
selected as the reference level V 0 . 

[0018] In addition, a light source will be employed in the light generation unit that can change the light 
output, and the reference light output level thereof is defined herein as L 0 . More specifically, the light 
output level represents the brightness of the light that will illuminate the spatial light modulation 
component. 

[0019] First, a peak level V p will be detected for each fixed interval of an image signal V in supplied 
from an external unit. A fixed interval is an interval that corresponds to a screen image, and if a TV 
signal, corresponds to 1 frame interval. 

[0020] Next, gain G s = Vp/V 0 will be calculated from the detected peak level V p . When the variable 
range of gain G s is set in advance, and G max and G min are employed to represent the maximum gain and 
the minimum gain, then a gain that is calculated to be G max or higher or G min or lower will be limited to 
those values. 

[0021] After the gain G s is calculated, the image signal level will be modulated to V c = V in /G $ . 
However, V in is the input image signal level. The modulated image signal V c will be converted to a 
drive signal with the appropriate formula, and drive the spatial light modulation component. 

[0022] At the same time, the light output level L out of the light generation unit will employ the gain G s 
described above so that L out = G s x L 0 . However, the light source employed in the light generation unit 
can change the light output level L out in a range from the minimum gain G min to the maximum gain 
G max with respect to the reference light output level L 0 . 

[0023] Thus, the maximum gain and the minimum gain G max and G m i n may be determined, for example, 
from the variable range of the light output level of the light source. In addition, this may also be set in 
a restricted range of the light source so as to inhibit sharp changes in the gain that will, for example, 
create a sense of incongruity in an observer, 

[0024] By repeating the process described above for each fixed interval, a bright image can be 
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displayed having grayscale display characteristics and black display characteristics that are superior to 
those in the conventional art. 

[0025] The reason for this will be described in detail below. Three types of image signal patterns 
having different peak levels as shown in Figure 2 will be considered. The interval T 0 of the horizontal 
axis corresponds, for example, to 1 frame interval, and V 0 is the reference peak level. 

[0026] V p i represents the peak level of an image signal pattern 1 1 shown in Figure 2(a), V p2 represents 
the peak level of an image signal pattern 12 shown in Figure 2(b), and V p3 represents the peak level of 
an image signal pattern 13 shown in Figure 2(c), and V p i is larger than V 0 , V p2 matches V 0 , and V p3 is 
smaller than V 0 . 

[0027] Figure 3 will be employed to described a method of driving a spatial light modulation 
component when each image signal pattern 1 1, 12, 13 is applied. Figure 3 expresses the relationship 
between the image signal level V c and the transmission ratio T of a spatial light modulation 
component, with (a) showing a conventional method, and (b) showing the application of the image 
display method of the present invention. In the conventional method of (a), the input image signal 
level V in matches V c . In either method, the maximum transmission ratio obtained will be during image 
signal level V cmax , and the minimum transmission ratio obtained will be during image signal level 

V cm in« 

[0028] In the conventional method of (a), the peak level V pl is the maximum peak level of the input 
image signal, and the peak level V p i must be associated with the image signal level V cmax . Thus, the 
peak levels V p2 , V p3 are associated with signal levels that are lower than V cmax . For example, when a 
peak level that is lower than V p! is associated with V cmax , this will be a problem because white loss will 
occur in situations in which a signal having a high peak level like V P ] is input. 

[0029] As a result, the display corresponding to the image signal patterns 1 1 , 12, 13 will be displayed 
in the dynamic ranges shown by Dl, D2, D3, and thus the more the peak level declines down toward 
V p3 , the more difficult it will be to obtain fine grayscale characteristics. In addition, when the average 
peak level of an image signal is V p2 , the characteristics near the maximum transmission ratio will not 
be very useful, and will possess poor drive efficiency from the perspective of the brightness of the 
display image. 

[0030] With the image display method of the present invention shown in (b), the image signal level 
V cmax is associated with the reference peak level V 0 . As a result, even if the peak level is any of V P i, 
V P2 , or V P3 , the gain G s will normalize this, and will associate each peak level with V cmax . Thus, when 
the display of one screen is considered, the dynamic range shown by D' will always be used without 
regard to the peak level, and the spatial light modulator component can be driven. 

[003 1] And, because the light output level L out of the light generation unit is changed by employing the 
gain G $ so that L out = L 0 x G $ , the brightness corresponding to each peak level will be correctly 
proportional to the signal level, images will be displayed without any problems. 

[0032] Because of the operation described above, the image display method of the present invention 
will provide a method that will appropriately use the dynamic range of a spatial light modulation 
component, without regard to the peak level of the image signal, and a finer grayscale display will be 
made possible even with image patterns having low peak levels. 

[0033] In addition, because the maximum transmission ratio of a spatial light modulation component 
will always be used to display the brightness corresponding to a peak level, a brighter display can be 
advantageously achieved. In other words, the power consumption of the light source can be reduced 
when obtaining the same brightness, and a brighter display can be achieved when compared to the 
same power consumption of a light source. 

[0034] Figure 4 will be employed to describe a first embodiment of a display device in which the first 
embodiment of the image display method of the present invention is applied. This shows a 
configuration example of a direct view type display device in which a transparent type liquid crystal 
panel is employed. 

[0035] A liquid crystal panel 24 will be illuminated from the rear surface thereof by means of a light 
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generation unit 23 that combines a halogen lamp 21 and a light collecting reflector 22. A drive circuit 
25 will form an optical image on the liquid crystal panel 24 in response to an image signal and will 
spatially modulate illumination 27 and display an image. 

[0036] The halogen lamp 21 will be lit by a lighting circuit 28 comprised of a direct current, and a light 
output control circuit 29 can change the output voltage of the lighting circuit 28 in order to change a 
light output level L out . 

[0037] An image signal processing circuit 30 will function in accordance with the image display 
method described above. A peak level detection circuit 31 will detect the peak level V p of an input 
image signal V in . A gain calculation circuit 32 will calculate a gain G s from V p . An amplitude 
modulation circuit 33 will employ G s to modulate the image signal V in , and will output the image 
signal V c to the drive circuit 25. The drive circuit 25 will drive the liquid crystal panel 24 in 
association with the image signal V c . 

[0038] The gain calculation circuit 32 will also simultaneously output the gain G s to the light output 
control circuit 29. The light output control circuit 29 will change the light output level L out of the light 
generation unit 23 in accordance with the gain G s . 

[0039] Thus, because the aforementioned image signal processing circuit functions in association with 
the image display method described above, the display device having the configuration shown in 
Figure 4 can display bright, high resolution images having a wide dynamic range, and superior 
grayscale characteristics in the dark portions. 

[0040] Figure 5 will be employed to describe a second embodiment of a display device in which the 
first embodiment of the image display method of the present invention is applied. This shows a 
configuration example of a projection type display device in which a transparent type liquid crystal 
panel is employed. 

[0041] A liquid crystal panel 54 will be illuminated from the rear surface thereof by means of a light 
generation unit 53 that combines a halogen lamp 51 and a light collecting reflector 52. A drive circuit 
55 will form an optical image on the liquid crystal panel 54 in response to an image signal V c , and will 
spatially modulate illumination 57. The optical image on the liquid crystal panel 54 will be widely 
projected by means of a projection lens 58, and a large screen image will be displayed on a screen 59. 
An image signal processing circuit 60, a lighting circuit 6 1 , and a light output control circuit 62 are the 
same as those described in Figure 4. 

[0042] The projection type display device having the configuration shown in Figure 5 can also display 
bright, high resolution images having a wide dynamic range, and have superior grayscale 
characteristics in the dark portions, due to the effects based upon the image display method of the 
present invention. 

[0043] In particular, a projection type display device like that shown in Figure 5 has problems, in that 
the brightness of the peak will be insufficient, and sufficient display quality will not be obtained when 
displaying dark images, particularly in the grayscale characteristics. When a conventional light 
generation unit having a fixed light output level is employed, it will be difficult to simultaneously 
solve these two problems. 

[0044] However, the image display method of the present invention can increase the light output of 
the light generation unit beyond the steady state for images having bright peak levels, and thus can 
display brighter images. In addition, it will be possible to reduce the light output of the light 
generation unit for images having dark peak values, and adequately utilize the dynamic range of the 
spatial light modulation component and drive the same. Thus, the display quality of dark images can 
be greatly improved, a low power consumption light source can be employed to obtain bright 
projection images with good efficiency, and extremely large effects will be obtained. 

[0045] A second embodiment of the image display method of the present invention will be described 
below. When, for example, a liquid crystal panel having somewhat poor contrast is employed as a 
spatial light modulation component, the image quality will dramatically decline due to the effects of 
black float when a dark display area extends over a broad region. Display irregularities will be 
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generated due to the effects of the variations in the characteristics of the screen, particularly during a 
black raster display. The image display method described below is effective for this type of problem. 

[0046] This process will be described with reference to Figure 6. Note that Figure 6 shows the process 
for one frame. V in ( t ) is defined as the input image signal level. Moreover, for each one frame, time t = 
0 is the beginning time of the image signal for one frame, and t = t f is when the image signal for one 
frame is completed. In addition, in order to simplify the explanation, discrete data in which the image 
signal is sampled with a special clock will be considered. 

[0047] First, a dark level interval S b will be detected from a screen. The dark level interval represents 
the area in which a dark image is displayed in a screen. For example, the intervals of the signal levels 
that are darker than a pre-set dark signal level V b in one frame will be added together and requested. 
Thus, in one frame interval of t = 0 ~ t f , the input image signal level V in(t ) will be compared to V b , and 
if V in ( t ) is darker than V b , then S b will be added and that interval calculated. 

[0048] Next, the dark level interval will be set to a predetermined threshold value S 0 , and it will be 
determined whether or not the calculated dark level interval S b is larger than S 0 - When S b is larger than 
S 0 , a gain G 0 that is one smaller than the gain G b will be applied. When other than this, the gain G b = 1 . 
The gain G b will be employed to modulate the image signal level V c so that V c = V in /G b , and so that the 
light output level L out of the light generation unit will be L out = G b x L 0 . Note that V in is the input image 
signal level, and L 0 is the reference light output level. The modulated image signal V c will be 
converted to a drive signal with the appropriate formula, and drive the spatial light modulation 
component. 

[0049] In other words, when the dark level interval S b exceeds the predetermined threshold value S 0 , it 
will be determined that black float and display irregularities are conspicuous, and thus the brightness 
of the light generation unit will be quickly reduced with a gain G b that is lower than one. At the same 
time, the drive signal level will be modulated with the reciprocal of the gain G b . In this way, there will 
not be much impact on the display of bright levels, and black float and display irregularities of the 
dark level display will rarely become conspicuous. 

[0050] In particular, when a black raster display is considered, it is not necessary to modulate the image 
signal with the gain G b . It is also possible for only the light output level of the light generation unit to be 
reduced to a predetermined brightness at the moment that the input of a black raster image signal is 
detected. 

[0051] Figure 7 will be employed to describe the first embodiment of a display device in which a 
second embodiment of the image display method of the present invention is applied. This is a 
configuration that is identical to the direct view type display device in which a transparent type liquid 
crystal panel shown in Figure 4 is employed, except for the image signal processing circuit 71. 

[0052] In particular, the operation of the image signal processing circuit 71 will be described. The 
image signal processing circuit will function in accordance with the image display method described 
above. A dark signal level V b will be applied to a dark level interval calculation circuit 72, and the 
dark level interval calculation circuit 72 will compare the input image signal V in with V b , and will 
output the dark level interval S b for each one frame. A dark level interval threshold value S 0 will be 
applied to a dark level interval comparison circuit 73, the gain G $ = 1 if S b is smaller than S 0 , and a gain 
G s that is smaller than 1 will be output if S b is larger than S 0 . This gain G s will be received, an 
amplitude modulation circuit 74 will modulate the input image signal V in , the image signal V c will be 
output, and the drive circuit 25 will drive the liquid crystal panel 24 as appropriate. The gain G s will 
also be output to the light output control circuit 29, and the light output level L out of the light 
generation unit 23 will change in accordance with the gain G s . 

[0053] Thus, because the aforementioned image signal processing circuit 71 will function in 
accordance with the image display method described above, the display device having the 
configuration shown in Figure 7 will not have conspicuous black float and display irregularities, and 
can display images having excellent quality, when a dark image or black raster is displayed. 

[0054] Figure 8 will be employed to describe the second embodiment of a display device in which a 
second embodiment of the image display method of the present invention is applied. This is a 
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configuration that is identical to the projection type display device in which a transparent type liquid 
crystal panel shown in Figure 5 is employed, except for the image signal processing circuit 81. 

[0055] The image signal processing circuit 81 will be operated in the same way as the circuit 
employed in the direct view type display device described in Figure 7. Thus, the projection type 
display device having the configuration shown in Figure 7 will not have conspicuous black float and 
display irregularities, and can display images having excellent quality, when a dark image or black 
raster is displayed, due to the effects based upon the image display method of the present invention. 
This can provide even greater effects when applied to a projection type display device that illuminates 
the liquid crystal panel with particularly strong light. 

[0056] In view of the continuity of the image signal, the image display method of the present invention 
described above with reference to Figures 1 and 6 will always modulate the image signal and control 
the light output of the light source after detecting image signal data for each one frame. Thus, strictly 
speaking, a time lag will be produced between a series of image signal processes and the control of the 
light output level of the light generating unit. 

[0057] Accordingly, in the event that this time lag becomes a problem, the time lag can be eliminated 
by using a frame memory. In other words, the peak level of an image signal may be detected, or a dark 
level interval may be calculated, while the image signal is stored in frame memory, and after the gain 
is calculated, modulation of the image signal stored in the frame memory may be performed at the 
same time as the control of the light output of the light generation unit so as to display an image. 

[0058] In addition, in the first embodiment of the image display method of the present invention 
described in Figure 1 , the gain G s need not be continuously changed. By performing control so that the 
value of G s is discretely obtained, G s will no longer constantly vary, and a more stable, high resolution 
image can be displayed in accordance with the range of peak levels. 

[0059] In addition, in each embodiment of the image display device shown in Figures 4, 5, 7 and 8, 
although a halogen lamp was employed in the light generation unit, the light source is not particularly 
limited. Any light source may be employed so long as it is capable of being comparatively quickly and 
easily modulated. In particular, a metal halide lamp may be employed because it has excellent 
efficiency and color reproducibility compared to other lamps. In this case, the light output level can be 
changed by employing a lighting circuit that can control the lamp power. 

[0060] In addition, although embodiments were described in which a liquid crystal panel was 
employed as the spatial light modulating component, the same effects can be obtained even if other 
spatial light modulation components are employed. 

[0061] 

[Effects of the Invention] As described above, the present invention can achieve a high resolution 
display that makes sufficient use of the dynamic range of a spatial light modulation component, by 
controlling the image signal and the light output of a light generation unit in accordance with the peak 
level of an inputted image signal. In addition, by performing the same control in accordance with the 
dark level interval of an inputted image signal, black float and display irregularities can be reduced 
when a dark image is displayed, and can provide images having high display quality. 

[0062] In addition, by applying the image display method of the present invention to direct view type 
or projection type of display device employing a spatial light modulation component, a bright, high 
resolution image display device having excellent grayscale characteristics and a high quality dark 
level display can be provided. 

[Brief Description of the Drawings] 

[Figure 1] A flowchart for describing an embodiment of an image display method of the present invention 

[Figure 2] Graphs showing the time versus amplitude distribution of three types of image signals having 
different peak levels 

[Figure 3] Graphs showing the image signal level versus transmission ratio characteristics of a spatial 
light modulation component 
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[Figure 4] A schematic diagram showing an embodiment of an image display device of the present invention 

[Figure 5] A schematic diagram showing another embodiment of an image display device of the present 
invention 

[Figure 6] A flowchart for describing another embodiment of an image display method of the present invention 

[Figure 7] A schematic diagram showing another embodiment of an image display device of the present 
invention 

[Figure 8] A schematic diagram showing another embodiment of an image display device of the present 
invention 

[Figure 9] A schematic diagram showing an embodiment of a conventional image display device 
[Figure 10] A schematic diagram showing another embodiment of a conventional image display device 
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